A cohesin-like module of 160 amino-acid residues from the hypothetical protein AF2375 of the noncellulolytic, hyperthermophilic, sulfate-reducing archaeon Archaeoglobus fulgidus was cloned, expressed, purified, crystallized and subjected to X-ray structural study in order to compare its structure with those of cellulolytic cohesins. The crystals had cubic symmetry, with unit-cell parameters a = b = c = 101.75 Å in space group P4 3 32, and diffracted to 1.82 Å resolution. The asymmetric unit contained a single cohesin molecule. A model assembled from six cohesin structures (PDB entries 1anu, 1aoh, 1g1k, 1qzn, 1zv9 and 1tyj) of very low sequence identity to the cohesin-like module was used in molecularreplacement attempts, producing a marginal solution.
Introduction
Cohesins and dockerins are modular components that were initially discovered and characterized in cellulosomes (Salamitou et al., 1992; Bayer et al., 1994; Yaron et al., 1995) . These complementary modules participate in very high-affinity protein-protein interactions through which the dockerin-containing enzymatic subunits of the cellulosome are incorporated into the cohesin-bearing scaffoldin framework, thereby forming the multi-enzyme complex.
The presence of a cohesin or dockerin in a given protein had been considered to be a signature of the cellulosome (Bayer et al., 1998) . It was therefore surprising to discover cohesin-like and dockerin-like sequences in the genome of the hyperthermophilic sulfate-reducing archaeon Archaeoglobus fulgidus, a microbe that lacks glycoside hydrolases and thus clearly lacks a cellulosome (Bayer et al., 1999) . The A. fulgidus genome encodes two hypothetical proteins that include such modules. One protein (AF2375) contains a putative cohesin and an adjacent dockerin and the second protein (AF2376) contains a single cohesin. Using a cohesin-dockerin microarray approach, it was revealed that the AF2375 dockerin interacts with both its own cohesin and the cohesin of the tandem gene AF2376 (Haimovitz et al., 2008) . The interaction appears to be speciesspecific, since the A. fulgidus cohesin and dockerin failed to interact with known cohesins and dockerins from other species.
To date, the crystal structures of cohesins have mainly been determined from cellulolytic bacteria. More recently, the structure of a cohesin module from a glycoside hydrolase of the myonecrotic human pathogen Clostridium perfringens has been determined and was found to resemble known cohesin structures (Chitayat et al., 2008) and to have the distinctive elongated nine-stranded -sandwich of jelly-roll topology (Shimon et al., 1997) . In the present communication, we report the cloning, overexpression, purification, crystallization and preliminary X-ray analysis of cohesin AF2375 from A. fulgidus.
Cloning, expression and purification
The DNA encoding the cohesin module from AF2375 (NP_071198; residues 273-433; AFcoh2375) was amplified by the polymerase chain reaction (PCR) using a single colony of A. fulgidus strain ATCC 49558D-5 (DSM 4304). The following PCR oligonucleotide primers were used: forward, 5 0 -GCCCCATGGGGCTTCCTCCGAAAAC-TACCATC-3 0 ; reverse, 5 0 -GCACTCGAGTGCTTCTTCCTGAGA-GACAATCCT-3 0 . The resulting PCR product was cloned into the NcoI and XhoI sites of the pET28a(+) expression vector (Novagen). The construct included a hexahistidine tag attached to the 5 0 end and was expressed in Escherichia coli strain BL21 cells grown at 310 K in 4 l Luria-Bertani medium supplemented with 30 mg ml À1 kanamycin. Protein expression was induced with 1 mM isopropyl -d-1-thiogalactopyranoside (IPTG) at an OD 600 of 0.5 and cultivation was continued at 289 K overnight. Cells were harvested by centrifugation (4000g for 15 min) at 277 K and resuspended in 50 mM NaH 2 PO 4 pH 8.0 containing 300 mM NaCl at a ratio of 1 g wet pellet to 4 ml buffer solution. DNase was added prior to the sonication procedure. The suspended pellet was sonicated in a Sonicator Ultrasonic Processor X2 (Misonix Inc.) for 20 min in discontinuous mode (0.05 s pulse on and 0.05 s pulse off). The suspension was kept on ice during sonication; it was then centrifuged (20 000g at 277 K for 20 min) and the supernatant fluids were collected. The expressed His-tagged protein was isolated by metal-chelate affinity chromatography using Ni-IDA resin (Rimon Biotech, Israel). The wash and elution buffers used were 50 mM sodium phosphate buffer pH 6.0, 300 mM NaCl, 10% glycerol and 50 mM sodium phosphate buffer pH 6.0, 300 mM NaCl, 10% glycerol, 250 mM imidazole, respectively. No attempts were made to remove the His tag. Fast protein liquid chromatography (FPLC) was performed using a Superdex 75 pg column and an Ä KTA Prime system (GE Healthcare, Haifa, Israel) in column buffer (50 mM Tris pH 7.5, 0.15 M NaCl, 0.05% sodium azide). The protein was concentrated to 10 mg ml À1 using Centriprep YM-3 centrifugal filter devices (Amicon Bioseparation, Millipore Inc., Billerica, USA). The protein concentration was determined by measuring the absorbance at 280 nm using the calculated extinction coefficient of the protein (" 280 = 0.247 g l À1 ). The final degree of purity of the protein was around 95%, as estimated from SDS-PAGE (not shown).
Crystallization
Crystallization was performed using Hampton Research Crystal Screen with the hanging-drop method at 293 K. AFcoh2375 crystals (Fig. 1) were obtained after one month in a 4 ml drop containing 2 ml protein solution and 2 ml reservoir solution (0.1 M Tris-HCl pH 8.5, 2 M mono-ammonium dihydrogen phosphate) equilibrated against 0.4 ml reservoir solution.
X-ray diffraction
Crystals were harvested from the crystallization drop surrounded by mother liquor using thin-walled glass capillaries (Glas Technik & Konstruktion, Berlin). The capillaries were sealed at the narrow end using a flame and at the funnel end with high vacuum grease to facilitate transfer to the synchrotron. Diffraction data were collected on the ID29 beamline at the ESRF (European Synchrotron Radiation Facility, Grenoble, France). X-ray radiation of 0.934 Å wavelength and a CCD ADSC detector were used. The crystals, which were dismounted from the capillary into a solution mimicking the mother liquor with the addition of 25% ethylene glycol, were incu- (Stout & Jensen, 1968) . bated for less than 1 min, mounted in a cryoloop (Teng, 1990) and placed in a stream of cold nitrogen at 100 K generated by an Oxford Cryosystem (Cosier & Glazer, 1986) . The data set was collected in 0.5 oscillation frames and was indexed, processed and scaled using DENZO and SCALEPACK as implemented in HKL-2000 (Otwinowski & Minor, 1997 . The crystals diffracted to 1.82 Å resolution (Fig. 2) and belonged to the primitive cubic space group P432, with unit-cell parameters a = b = c = 101.75 Å . Systematic absences suggested two possible space groups: P4 1 32 or P4 3 32. According to the sequence composition of the protein molecule, the Matthews density V M (Matthews, 1968 ) was 2.48 Å 3 Da À1 , assuming the presence of one molecule in asymmetric unit, with a solvent content of 50.44%. Diffraction data statistics are presented in Table 1 .
Molecular replacement
A search ensemble of models for molecular replacement was constructed from six pre-aligned structures of cohesin molecules (PDB codes 1anu, 1aoh, 1g1k, 1qzn, 1zv9 and 1tyj) . The highest sequence identity between AFcoh2375 and the listed cohesins was 20%. The r.m.s.d.s between the cohesin molecules used for molecular replacement ranged from 1.6 to 2.5 Å . After attempts to solve the structure by molecular-replacement methods based on a search in Patterson space, the structure was solved by a six-dimensional real-space search using the BEAST molecular-replacement program (Read, 2001) . Large differences in sequence homology between AFcoh2375 and the model structures were reflected in the relatively high R and R free factors at the initial stage of rigid-body refinement: 0.57 and 0.54, respectively. Such values may have indicated that the solution was wrong; however, the electron-density map calculated after rigid-body refinement was convincing and exhibited features that were in partial accordance with the AFcoh2375 sequence (Fig. 3) . Automatic building of the structure was attempted with ARP/wARP (Perrakis et al., 1999) and succeeded in tracing 80 of the 160 residues of AFcoh2375. ARP/wARP was implemented once again, this time in structure-improvement mode (Lamzin & Wilson, 1993) , resulting in a hybrid structure that consisted of 80 amino-acid residues of the protein molecule and a large group of dummy atoms that were modeling electron density unexplained by the present structure. The hybrid model was refined using REFMAC5 (Murshudov et al., 1997) and several gaps in the loops of the structure were manually rebuilt using the graphical programs O (Jones et al., 1991) and Coot (Emsley & Cowtan, 2004) . ARP/wARP was implemented for a third time, again in automatic model-building mode (Perrakis et al., 1999) , this time tracing and docking 122 of 160 residues. Cycling of manual and automatic rebuilding and refinement of the structure is presently in process.
